On June 15, 2006, the United States President George W. Bush signed a proclamation that established the largest coral reef marine reserve in the world, the Northwestern Hawaiian Islands Marine National Monument (NWHI MNM). The NWHI MNM protects a chain of islands and atolls that encompass approximately 360,000 km 2 , including 11,650 km 2 of relatively undisturbed coral reef habitat that support more than 3000 species, a quarter of which are endemic (NOAA, 2006) . To evaluate the attainment of the Monument's management goals through time, baseline information was presented on the historic and recent distributions and characteristics of natural resources, environmental conditions, and anthropogenic activities in the NWHI. Although these studies were abundant enough to merit an entire issue of Atoll Research Bulletin (DiNardo and Parrish, 2006), they did not assess the potential threats posed by maritime traffic, an important anthropogenic activity that could significantly impact the protected marine resources of the NWHI. To date, documented vessel impacts to coral reefs range from physical damage caused by running aground (Hatcher, 1984; Gittings et al., 1993) and anchoring (Rogers and Garrison, 2001 ) to invasive species introductions (Godwin and Eldredge, 2001; Godwin, 2003; Godwin et al., 2004) and marine pollution such as oil spills (Keller and Jackson, 1993) , but the magnitude and spatial distribution of these threats to the NWHI was unknown because of the paucity of information on vessel traffic patterns there.
Due to the size and remoteness of the NWHI, only anecdotal information regarding the activities and attributes of maritime traffic was previously available. Although commercial and research activities occurred in the NWHI for approximately a century (Grigg, 2006; Pooley and Pan, 2006) , no quantitative estimation of vessel activity was reported. Unlike some marine management areas adjacent to the continental United States, the NWHI MNM has not had access to an automatic identification system (AIS) or radar array to facilitate the tracking and identification of vessel traffic and provide information on past or present vessel activity (Sean Corson, NWHI MNM, personal communication). The aim of this paper was to provide a baseline of recent activity and identify high traffic corridors, the location of vessels and their attributes in the current (2006) were provided in latitude and longitude and plotted onto the NWHI grid within the current boundary of the NWHI MNM. A count of vessel reports in each grid cell was summed and displayed as a color scale gradient using a modified natural breaks algorithm (Jenks, 1977) . Vessel reports from ICOADS (2006) were consolidated to vessel days to standardize the unit of time spent in the NWHI using SAS 9.1.3. Standardization was necessary because the frequency of reports from different vessels varied between every 6-24 h. From WESPAC (2006) , the number of fishing vessels in the NWHI commercial bottomfish fishery fleet and their reported fishing days were included in the analysis. Using the vessel call signs provided with ICOADS, data on a vessel's length, tonnage, service, and flag were downloaded from the US Coast Guard Maritime Information Exchange Port State Information Exchange (USCG, 2006) and merged with the vessel location data. Summary statistics of vessel characteristics were tabulated for vessels that had a call sign match in both the ICOADS and USCG data sets.
A total of 545 vessels reported from inside the current boundary of the NWHI MNM between 1994 and 2004. Vessel traffic operated primarily through two corridors, one along the NWHI island chain consisting primarily of vessels that operated out of the Main Hawaiian Islands (MHI) and another across the NWHI comprising vessels that transited between Pearl and Hermes Atoll and Lisianski Island (Fig. 1) . The corridor across the NWHI MNM appeared to be used by vessels deviating from or navigating to the ''great circle route'' at 30°N. While most (i.e., 59.8%) of the vessels reported from the NWHI MNM were freighters, there were also a small number of tankers (6.1%), fishing vessels (3.1%), and research vessels (3.1%) ( Table 1 ). The NWHI commercial bottomfish fishing vessels spent the most cumulative time of any vessel type with 7429 vessel days (which is approximately 75% of the total vessel days reported) in the NWHI MNM (Table 1) . Research vessels (12.7%) and freighters (8.1%) spent the next most vessel days in the NWHI MNM. Total intraannual vessel reports were consistently greater in spring and summer (March-September) than in fall and winter (i.e., October-February) but the commercial vessel traffic transiting between Pearl and Hermes Atoll and Lisianski Island was greater during fall and winter. Total interannual vessel activity in the NWHI MNM decreased over the study period from a mean of about 1000 annual vessel days between 1994 and 1998 to approximately 825 annual vessel days between 1999 and 2004. For ICOADS vessels with attribute data in the USCG database, the mean vessel length was 178 m (with s.d. = 78 m for data available from 332 of the 547 vessels) and mean gross vessel tonnage was 34,512 m tons (with s.d. = 27,951 m tons for data available from 262 of the 547 vessels). Vessels were flagged under 29 different countries with Panama, Liberia, Japan, and Germany as the most common non-US flags.
One primary intent of the NWHI MNM is to serve as a sentinel research site isolated from major local or regionalscale anthropogenic disturbances to examine the effects of global-scale threats to coral reefs such as thermal stress (McWilliams et al., 2005; Berkelmans and van Oppen, 2006) , marine diseases (Kim et al., 2005) and seawater acidification (Orr et al., 2005; Guinette et al., 2006) . Critical to the role of the MNM as a sentinel research site is the assessment of historic and current levels of anthropogenic activity and their associated impacts on marine ecosystems. While the relative remoteness of the NWHI has contributed to the near pristine reef conditions, high abundance and endemism of life found there (DeMartini and Friedlander, 2004) , the geographic extent of the island chain also presents difficult logistical challenges for the evaluation of regional-scale anthropogenic activities. For example, the management precursor to the NWHI MNM, the NWHI Coral Reef Ecosystem Reserve, operated from 2000 to 2005 with merely anecdotal information regarding vessel traffic and thus there was assumed to be ''little to no vessel activity'' in the NWHI (Sean Corson, NWHI MNM, personal communication). In contrast, this study illustrates two primary corridors of vessel activity in the NWHI from 1994 to 2004 and provides information on the distribution and composition of these vessels that can be used to facilitate an efficient allocation of resources for surveillance, enforcement, and response.
A risk management strategy for vessel impacts in the NWHI MNM should address the suite of threats posed by the two maritime corridors. The vessels transiting across the chain were primarily large ($600 ft), non-US-flagged commercial freighters and tankers utilizing the corridor as a pathway between the 20°N and 30°N ''great circle routes''. From this maritime traffic, the shallow marine environments of Pearl and Hermes Atoll and Lisianski Island are vulnerable to vessel groundings and associated oil spills, but may experience a lesser risk of invasive species introductions since the vessels are in transit. Vessel activity along the chain was primarily commercial fishing vessels, research vessels, or commercial vessels operating from the Main Hawaiian Islands. The threat of marine pollution and contaminant discharge or species introduction would seem to be greater for these vessels since they spend extended periods of time around the atolls and islands in the NWHI MNM. In particular, most of the 343 alien marine and brackish water species in Hawaiian waters are believed to have arrived via vessel hull fouling, solid ballast, or ballast water (DeFelice et al., 2001; Eldredge and Carlton, 2004) , thus, the effects of species introduction from hull fouling, sea chests, or anchors on the MHI vessels may represent an acute threat to the NWHI. Unlike vessel impacts from pollution or oil spills where containment and restoration actions can have ameliorative effects, non-indigenous species introductions are often irreversible (IUCN, 2006) . In contrast to the threats of the large commercial vessels that transit across the NWHI and bypass Hawaiian ports, the potential impacts of the MHI vessels can be significantly minimized by the regulatory requirements of the NWHI MNM including entry-by-permit, nearshore no-discharge rules, and periodic hull inspections. In addition, the NWHI bottomfish fishery will be closed in 2011 thus eliminating a significant component of the MHI vessel traffic. The information used for this study represents the best available data from sources whose primary focus was not the examination of vessel traffic patterns. For example, the ICOADS included only information from the Voluntary Observing Ship Program (for details, see link in ICO-ADS, 2006) ; these data represented a minimum level of vessel activity in the study domain and thus, the relationship between the number of ''vessel reports'' and the absolute number of vessels that were present during the study period is unknown. Nonetheless, these data provide a synopsis of spatial patterns that may be assumed to be representative of vessel activities. There were also several additional vessel types which may have operated in the NWHI not addressed by this study: recreational vessels, commercial longline fishing vessels, military vessels, and illegal (US and non-US) fishing vessels. Potential sources of additional data to augment this study include satellite imagery, archived data from US Coast Guard NWHI survey flights, or declassified surveillance from the Department of Defense or Office of Homeland Security. The inclusion of additional data might alter but should simply refine the general results of this study.
Overlooked threats can contribute to unfulfilled management objectives for marine protected areas (Jameson et al., 2002) . The spatial delineation and characterization of the two maritime corridors presented here provides a baseline of previously undescribed vessel threats to the marine resources of the NWHI. The utility of this information for the management of the region has already been demonstrated; for example, an earlier version of this work was used for a review of the NWHI Area-to-be-Avoided designation by the International Maritime Organization (Sean Corson, NWHI MNM, personal communication). Future efforts to monitor vessel traffic in the NWHI MNM would benefit greatly from the delivery of near-realtime or realtime information from a suite of technologies such as satellite imagery, high frequency surface radar, or remote AIS receivers. A continued decrease in vessel traffic, especially with the elimination of the NWHI bottomfish fishery in 2011, and the enforcement of proactive regulatory measures should further minimize the threat of vessel impacts in the NWHI MNM and support the long-term sustainability of the unique marine communities of the Northwestern Hawaiian Islands.
